Heat exchangers are used in industrial and household processes to recover heat between two process fluids. This paper shows numerical investigations on heat transfer in a double pipe heat exchanger. The working fluids are water, and the inner and outer tube was made from carbon steel. There are several constructions which able to transfer the requested heat, but there is only one geometry which has the lowest cost. This cost comes from the material cost, the fabrication cost and the operation cost. These costs depend on the material types and different geometric sizes, for example inner pipe diameter, outer pipe diameter, length of the tube. The performance of the heat exchanger and the pressure drop are in a close interaction with the geometry. Optimum sizes can be calculated from the initial conditions (when one of the process fluid inlet and outlet temperature and the flow rate is specified). The correlations to the Nusselt number and the friction data come from experimental studies. [1] [2] 
LIST OF SYMBOLS Latin letters
One of the medium flows inside of the smaller tube, while the other medium flows in the annulus. With the help of the solid wall the heat can be changed between the two fluids, without of their direct contact. The performance of the device is depending on three factors: the heat transfer area, the heat transfer coefficient and the mean temperature difference. Unfortunately, this type of heat exchanger has a big disadvantage: it has limited heat transfer area compared to a shell-and-tube heat exchanger. This type of heat exchanger can use in a narrow range. To increase this area, the length of the tube must also be increased. The pipe length has an effect of the material cost and pressure drop, which causes an increased operating cost. This report shows some possibilities of the optimal design of a double-pipe heat exchanger with Excel Solver methods.
OBJECTIVE, VARIABLES
As all optimization tasks, an objective function must be determined at first with different conditions. The aim of this report is to find the minimum value of the total cost, which is the sum of the material and operational costs. Two conditions are defined: the heat from cooling media must be equal to the heat to the heating media, and must be equal to the performance of the heat exchanger. A heat exchanger is usable when its performance is higher than these two values. Of course, the change of the initial parameters means a new optimization task. For example, the operating medium flows in the annulus instead of inside the smaller tube, or the material of the cooling media is changed. In every case the initial parameters must be specified.
INITIAL PARAMETERS
The main goal of this report is to find the optimal sizes and operational parameters of a double pipe heat exchanger. The qualities of the operational medium are known: these are the mass flow mi [kg/s], the inner temperature T i,in [°C] and the outer temperature T i,out [°C] . The process medium is water. The material properties depend on the temperature. To specify these values, the mean temperature required [3] :
The functions of the material properties derive from interpolation.
 density of water: 
 specific heat of water: After these, the necessary heat could be calculated:
where c i is the specific heat capacity of the inner media's mean temperature. Also known the material and the inlet temperature T o, in [°C] of the other medium. 
ANALYTICAL CONSIDERATIONS
The individual heat transfer coefficients came from Sieder and Tate [4] , [5] . This coefficient is not a material property. This depends on the velocity and the material of the media and the geometry. The specific geometry is the diameter of the inner tube (d). The Reynolds number consist the velocity, which can be calculated from the mass flow rate with the help of flow cross-section.
The individual heat transfer coefficient is similar to the outer side, just the specific geometry differs, and the material properties must be calculated to the mean temperature of the cooling medium.
In this case the cooling medium flows in the annulus, so the velocity is:
At this point the heat transfer features, the geometry and the temperatures are known, so the performance of the device can be calculated. The heat transfer coefficient depends on the convection of the inner tube both side and the conduction in the wall.
The heat transfer area depends on the diameter and the length of the inner tube. It does not depend on the diameter of the outer pipe, because the two process fluids contact each other at the surface of the inner pipe. So, the bigger outer pipe does not increase the heat transfer area. Increasing of the outer pipe diameter causes higher material cost and lower heat convection performance.
At the beginning of the calculation must be decided the flow paths. In this case that will be clear parallel flow or clear counter flow. In case of counter flow the average temperature-difference is smoother than in parallel case. That means a higher driving force to the device. 
At this point, the heat of the cooling medium and the performance of the heat exchanger can be calculated on the following way:
The two conditions to the optimal design are the followings:
These two conditions mean the heat which the process fluid give up must be equal with the heat which the cooling fluid take up and must be equal with the performance of the heat exchanger. If these two conditions are satisfied, the device is able to transfer the necessary heat.
OBJECTIVE FUNCTION

MATERIAL COST
The material cost is directly proportional with the mass of the tubes. The most common used structural materials are the carbon steel, austenitic steel, aluminum and copper. The corrosion properties of the process fluids define the type of the material. Over this corrosion property, these metals have different heat conductivity and different cost. So, the material selection is part of the initial parameters. During the optimization, the material grade is constant. 
OPERATIONAL COST
Beside the material cost, another important factor is the operational cost. Flow created frictional forces, which will restrain the flow. Due to this fact, between the two ends of the pipe will be a pressure difference. This pressure drop (Δp) is a loss in the system. If bigger the pressure drop, higher the operational cost and to complement this energy, a pump must be used. The pressure drop depends on a friction factor, the velocity and density of the stream and the geometric sizes of the pipe. 
to the outer tube. The pressure drop in the straight line is the following:
It is clearly seen, that the value of the pressure drop depends on the variables, just as the conditions. That means there are geometric and operating parameters, where the conditions are satisfied and the objective has a minimum value.
Unfortunately to build a very long heat exchanger is not possibly, so a maximum length must be defined. The longer the length, the more the necessary elbows. This study maximized the length at the value of 3meters. So, the numbers of elbows are rounding down the ratio of the length and the maximized length.
The pressure drop in this elbows is the function of the velocity, the density and a coefficient, which came from Fábry: [6] The total operation cost is the next:
where is c E is a specific operational cost ($/kWh). The total cost is the amount of the material and operational costs:
BOUNDARY CONDITIONS
The diameter of inner tube must be at least 25mm. Under this size, the inner velocity will too big value, which occurs a fast erosion in the tube wall. Naturally, the outer tube must be bigger diameter than the inner one. If these two diameters are close together, the velocity in the annulus will be high, this could be also harmful. The escaping temperature of the outer media must be a higher value than the entering temperature. The flow rate and the tube length must be positive numbers.
DESIGN EXAMPLE
WATER AND WATER MEDIA, TECHNICAL FLUID IN THE INNER TUBE
A double pipe heat exchanger must be build, when the technical fluid is water, which flows in the inner tube, the inlet flow rate is 2kg/s, the inlet temperature is 80°C and the outlet temperature is 50°C. The cooling stream is water flows in the annulus and its inlet temperature is 20°C. The media flow counter-current in the first case and parallel current in the second case. There is another optimization process, when the technical fluid flows in the annulus instead of the inner tube. That means the boundary conditions are changed, which occur different optimum point. The optimum points are calculated counter-current and parallel-current. Table 1 and Table 2 it can be seen, that the counter-current is better than parallel current and the correct selection of the flow area effects the optimum point.
WATER AND ETHANOL MEDIA, TECHNICAL FLUID IN THE INNER TUBE
Uncommon in industrial practice that water heat or cool other water stream. For example, in a distillation ethanol stream must be cooled in a heat exchanger. In this case, the material properties are changed. The properties of the ethanol can be calculated as the water's properties, just the polynomial coefficients are different. 7.1873·10 Table 6 shows the optimization results in the function of the mass flow rate, in case of water to water heat transfer. According to this table, if the inlet mass flow is increasing, the variables are mostly increasing, however, the relation is not linear. 
SENSIBILITY OF THE OUTLET TEMPERATURE
CONCLUSION
Despite of that the double pipe heat exchanger is the simplest of the all heat exchanger, its optimal design is difficult. In this study, there are only five variables: the diameter of the inner and outer tube, the mass flow rate, the outlet temperature and the tube length. As a pressure vessel, the wall thickness of tube depends on the operating pressures, but in this case, there were constants. Use of standard sizes causes smaller material costs, because it does not roll the tube from sheet plate, but available in the market. Further conclusions:  The counter-current is always more favourable than the parallel current.  Technical medium in the annulus cause smaller optimum value point. 
